Modern electrical power systems have the responsibility of providing a reliable and economic supply of electrical energy to their customers. The economic and social effects of loss of electric service can have significant impacts on both the utility supplying electric energy and the end users of the service. Maintaining a reliable power supply is a very important issue in power system design and operation .The developing country including Nepal more often does not follow the modern planning criteria for system planning due to which we have to face problems like load shedding. This work is an exercise to detail reliability analysis of INPS using different reliability indices. The INPS has been divided into three regions and the reliability indices are found separately for each region. The two reliability indices LOLE and EENS are found to check the adequacy of generation. The load data and generation data used are all real from the only one utility of Nepal, NEA. The calculations are done according to the theory of reliability of power system on MATLAB programming. The results obtained in this work are quite satisfactory and represents the present condition of INPS.
Introduction
A power system serves one function only and that is to supply customers both large and small with electrical energy as economically and as reliable as possible. Modern society, because of its pattern of social and working habit, has come to expect the supply to be continuously available on demand. This is not easy physically in reality due to random system failures which are generally outside the control of power system engineers. The probability of customers being disconnected can be reduced by increased investment during either planning phase, operating phase or both. Over investment can lead to excessive operating costs which will be reflected in the tariff structure. On the other hand, underinvestment leads to the opposite situation. A fundamental problem in system planning is the correct determination of reserve capacity. Too low value means excessive interruption while too high value results in excessive costs. The greater the uncertainty regarding the actual reliability of any installation the greater the investment wasted. The same complexity, on one side, and good engineering and sound economics, on the other, justify "the use of methods of analysis permitting the systematic evaluations of all important factors involved. There are no exact methods available which permit the solution of reserve problems with the same exactness with which, say circuit problems are solved by applying Ohm's law. However, a systematic attack of them can be made by "judicious" application of the probability theory.
The hydropower development in Nepal began with the installation of 500 kW power plant at Pharping in 1911. Today Nepal is facing a severe load shedding problem due to shortage of power generation. So it seems that somewhere there is lack of proper planning. In this paper the work done to analysis the reliability of Integrated Nepal Power System is presented. It shows the reliability of the system in 2011/12. The whole INPS has been divided into three modules (areas) and the analysis is done using reliability indices. The data taken are all real from Nepal Electricity Authority (NEA).
Overview of INPS
The electricity supply system of Nepal is vertical one. There is only one organization which is under government. The power system structure of Nepal is called Integrated Nepal Power System (INPS). The annual peak demand of INPS reached 946.1 MW in F/Y 2011/2012 and the annual energy demand has reached nearly 5194.78 GWh in F/Y 2011/2012. With this increased demand the planning practices further seems incompatible as Nepal is having such severe energy crises. In this study detail analysis of planning practice has been done using reliability indices. The analysis is done for year 2011/12 due to availability of data of that time. The analysis is done by dividing the whole INPS into three geographical regions (Basin Wise). Though the actual practice in INPS is not area-wise but it is general practice worldwide to have generation regional wise if possible. If generation is made regional wise according to the load we do not require transmission line with strong link. The requirement of capacity of transmission line will decrease a lot. Moreover the transmission line losses will also decrease. In case of Nepal we are lucky enough to have generation nearly in all regions of Nepal. So in this work the whole INPS is divided into three regions and reliability indices are found separately. Similarly the load is also added separately to each region. The three areas are: Area 1 (Kathmandu and Around), Area 2 (Eastern Region) and Area 3 (Central and Western Region). As shown in above table the total generation in Area 2 is nearly 121.4 MW. The largest generation in this generation is Katayia which is actually an import from India. The diesel generation of Bansbari (Duhabi) is also taken in this combination with full capacity as it is supposed to do so in near future.
Area 1 (Kathmandu and around)

Area 3 (Western Region) and expected load of 2015
In this region the generating stations in the central and western part is taken into considerations. Similar to Bansbari generating stations, the Diesel Power Plant of Hetauda is also taken into consideration in full capacity. The import from India at Tanakpur is taken as generating stations with FOR of 0.02.The generation in the western part of Nepal seems to be better than eastern part of Nepal. The generating stations with generation less than 1 MW are not taken into consideration in this study. This is because of the fact that the consideration of very large no of generating stations will have many more states at capacity outage probability table which will make calculations more complicated. The generating stations of Area 3 are as tabulated as below. 
Power System Reliability Evaluation
Considerable activity has occurred in the development and application of probabilistic techniques for power system reliability evaluation and there is a wide range of related publications. Today, most utilities have valid and applicable reliability data and most engineers have a working understanding of probability theory. The availability of highly developed reliability evaluation techniques and computer technologies has made the use of probabilistic techniques highly practical. Many utilities utilize probabilistic techniques in addition to deterministic techniques as probabilistic methods can provide quantitative input to the decision making process. Probabilistic techniques are employed extensively in system planning and operation, in both single and interconnected systems. This utilization is expected to continue to increase in the future.
For the deterministic approach, two indices are used which are reserve margin or loss of largest unit in the system, while probabilistic approaches have more indices and can provide more meaningful information to be used in design and resource planning and allocation. The commonly used probabilistic reliability indices are loss of load probability (LOLP), loss of load expectation (LOLE), loss of energy probability (LOEP), loss of energy expectation (LOEE) and expected energy not served (EENS). The Reliability indices used in power system evaluations and their categories are summarized in figure below. As shown in above table, among the different indices LOLE and EENS are evaluated in this paper. The deterministic analysis using just Reserve Margin calculation could lead to overinvestment in generation expansion or insufficient system reliability. Therefore, most of the utilities and system planner have been suing the probabilistic indices rather than the Reserve Margin Criteria. 
Loss of Load and Loss of Load Expectations
Loss of load occurs when the system load exceeds the generating capacity available for use. Loss of Load Probability (LOLP) is a projected value of how much time, in the long run, the load on a power system is expected to be greater than the capacity of the available generating resources. It is defined as the probability of the system load exceeding the available generating capacity under the assumption that the peak load of each day lasts all day. LOLP is based on combining the probability of generation capacity states with the daily peak probability so as to assess the number of days during the year in which the generation system may be unable to meet the daily peak. LOLP can be calculated considering the daily peak loads for 1 year duration or sometimes on each hour's load for a 24 hours day. Therefore, the same system may have two or more values of LOLP depending on how the calculation is being done. Formula for LOLP Alternatively, a load duration curve consists of daily peak loads arranged in descending order can be used to measure LOLP for long term generation capacity evaluation. The assumption used in this case is that the peak load of the day would last all day. Capacity outages less than the amount of reserves will not contribute to loss of load. When a particular capacity outage is greater than the reserve, the risk in this case will be pj×tj. It must be noted that an LOLE expectation index is more often used than the LOLP probability index in practical applications. The relationship between LOLE and LOLP is shown in equation 1.0 below. LOLE = LOLP *T (1) Where T = 365 days (if the load model is an annual continuous load curve with day maximum load; the LOLE unit is in days per year) T = 8760 hours (if hourly load curve; the LOLE unit is in hrs/ year) T is time period for which reliability studies are being carried out, while LOLP is the probability that the peak load will not be met obtained from the generation model.
Loss of energy
Loss-of-energy method is another measure for generation reliability assessment. The measure of interest in this case is the ratio of the expected energy not served (EENS) during some long period of observation to the total energy demand during the same period. A mathematical formula for the Loss of Energy Probability (LOEP) calculation is shown in equation 2 below.
Where Ek= The energy not supplied due to a capacity outage Ok Pk= The probability of the capacity outage Ok E= The total energy demand during the period of study.
The value obtained will have unit MWH/year and is also known as Loss of Energy Expectation (LOEE) since it is an expected value rather than a probability. Similar to the loss of load method, a load duration curve can be used to determine the LOEP for installed capacity evaluation.
Methodology
The outline of the methodology of this study is as follows: 1. The whole INPS is divided in three zones 2. The generating capacities of generators in each zones were listed with their FOR 3. The Capacity Outage Probability of each zone was found separately as follows: i. Input Number of units (N), FOR and capacity of units Cj for j=1, 2, 3.... ii. Units with identical capacities are grouped together iii. Set j=0, Calculate probability when no generating unit is on outage using Matlab Programming iv. Set O=0 v. Set j=j+1 , Calculate probability when 1st unit goes on outage vi. Set O=O+Cj vii. Repeat step 5 and 6 for j≤N+1, otherwise go to step 8 viii. Generate COPT for each group ix. COPT for different groups are combined, one at a time x. Final COPT for the system is then used for Adequacy assessment. Using similar approach the COPT table of all three regions was developed. As the number of generating stations are large in numbers in Area 1 and Area 3 the COPT table was not adjusted in MATLAB so the table was written in EXCEL Sheet using 'xlswrite' command. Adequacy Assessment evaluation method is done as below.
1. As in INPS we have large no of generators of small capacity so the number of states are very large in number of different ranges. So rounding off was done in regular intervals of 10 MW using following formula:
For all i states falling in the interval of j and k. 2. The COPT table of two regions are combined using MATLAB programming in which inputs are Number of system, No of states, Capacity In, Capacity Out and Individual Probability. The output is written in Excel sheet. 3. Similarly the COPT table of all three regions is combined together. 4. Hourly Load Curve of INPS is plotted for one year. 5. Using combined COPT Table and Load curve the LOLE and EENS is calculated. 6. Thus evaluation is done.
Reliability Evaluation Modeling
This section describes the modeling process and Reliability indices calculation of INPS. The whole system is divided into different areas and Reliability Indices are found.
Load Model
In this study the hourly load of INPS are taken for fiscal year 2011/12 and load curve is plotted for 8760 hours. The peak load during this year was 946.1 MW and the minimum load is 430 MW. Some of the data's and the curve plotted is shown in figure below. The above table shows the expected energy not served of area 1 is 1799.44 MWh/year. As the loss of load expectation is not very high for area 1, the EENS is also not very high. Similarly the LOLE of area 2 and area 3 was found to be 8760 hrs/year and 1162.18 hrs/year respectively. The EENS of area 2 and area 3 was found to be 221519.08 MWh/year and 5209 MWh/year respectively.
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Result and Discussion
This study shows that the present scenario of INPS is not good if we analyze it from adequacy point of view. These data of LOLE and EENS are evaluated considering the generators are running at full capacity and the Diesel power plant of Hetauda and Bansbari are also running at full capacity. So the overall power system scenario seems to be very bleak as far as reliability is concerned. So it is demand of the time to incorporate probabilistic reliability criteria as integral part of the system planning. It is also necessary to set a threshold maximum value of LOLE for INPS when carrying out system expansion planning. Accordingly the plans are also to be implemented with high priority so that the threshold value is achieved within time.
The evaluation shows that if we consider different areas separately the Area 2 (Eastern Region) is in terrible condition with LOLE of 8760 hrs/year .Area 1 has LOLE of 596.91 hrs/year. Area 3 has LOLE of 1162.18 hrs/year. When analysis is done area wise the status of area 1 is not encouraging. Area 2 has LOLE of 8760 hrs/year and EENS of 221519.08 MWh/year. The result obtained in this study is shown in graphical representation in figure 3. 
